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Abstract 

The partial decay widths of lowest lying negative parity baryons belonging to the 70-plet of SU{6) 
are analyzed in the framework of the 1/Nc expansion. The channels considered are those with single 
pseudoscalar meson emission. The analysis is carried out to sub- leading order in 1 /Nc and to first 
order in SU (3) symmetry breaking. Conclusions about the magnitude of SU{3) breaking effects 
along with predictions for some unknown or poorly determined partial decay widths of known 
resonances are obtained. 
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I. INTRODUCTION 



The extensive experimental programs at various facilities, in particular Jefferson Lab, 
MAMI, ELSA, GRAAL and BES, where photo- and electro-production data as well as J/il) 
decays give unprecedented access to baryon resonance parameters, will lead to significant 
improvements over the current knowledge of resonance masses and partial widths. With this 
progress, further sharpening of the theoretical approaches is needed. Although successful 
to a remarkable extent, the study of decays with quark models is affected by numerous 
choices about the mechanism of decay which result in model dependencies which are 
difficult to quantify. An alternative approach, which gives a systematic connection to QCD 
is based on the l/N^ expansion. As formulated for baryons, it allows one to represent 
quantities and observables in a systematic expansion in effective operators 2|-|5| where the 
coefficients encode the unknown dynamics. The expansion is ordered in powers of l/Ai'c, 
and the mentioned coefficients are determined by fitting to data. Tests of the feasibility 
of the expansion at each order are provided by relations which are independent of those 
coefficients, and by whether the magnitude of next to leading order effects are or are not of 
natural size. 

The expansion for excited baryons is based on the classification of states and op- 
erators under the dynamical symmetry group SU{Gi) x 0(3) A contracted SUci^) 
spin- flavor symmetry is an emergent symmetry in the large A^^^ limit in baryons 2|, |6| , which 
serves to organize the l/N^ expansion using effective operators. The 0(3) symmetry is only 
approximate even in large N^. in the case of the 70-plet baryons [4] (it becomes exact in the 
case of 56-plets [^), and in the large A^^^ limit the emergent SUc{Q) is a subgroup of the 
SU{Gi) X 0(3). In the real world the breaking of SU{Q) x 0(3) seems to be small, even when 
it happens at 0{N^), as in the case of the masses of the negative parity baryon 70-plet 
considered here. It is therefore natural to implement the l/A^ expansion in the framework 
of an approximate SU{Q) x 0(3) Q, 5, 7, 8|. 

Masses and partial decay widths are the main quantities characterizing baryon resonances. 
These quantities can be defined and obtained through partial wave analyses where the 
constraints of unitarity and analyticity of the S-matrix are fulfilled. In principle they can be 
given unambiguous meaning, through pole positions in the complex energy plane. A rigorous 
approach in which the l/N^. expansion is implemented alongside with those analyses is yet 
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to be developed, but it has been initiated {q]. The analysis presented here aims at providing 
a 1/iVc expansion for the Breit-Wigner partial decay widths, and is therefore limited in its 
rigor in the sense just mentioned. 

The present work extends the analysis of partial decay widths of the negative parity 
baryons to include the decays of the strange members of the 70-plet as well as the decays of 
the non-strange members into hyperons. The original analysis with the l/N^ expansion was 
carried out in jsl, although an incomplete basis of operators was used. The improvement 
in the present work, which is carried out to include l/N^ corrections and S't/(3) breaking 
to first order, is in including up to 2-body SU{?)) preserving and 1-body SU{?)) breaking 
operators. An analysis with a complete basis at the mentioned order is not possible because 
of the incompleteness in the input partial widths. However, it is expected that in particular 
3-body operators are going to be dynamically suppressed. A motivation for the present 
study is to extend to the strangeness sector the work in the non-strange sector in the 
SU{A) X 0(3) analysis 10|, and in particular to determine the importance of S'f/(3) breaking 
effects. Despite the limitations due to the mentioned scarcity of information on strangeness 
partial widths, it is possible to conclude that S't/(3) breaking in partial decay widths is 
larger than natural size. We will be able to show this through the failure of some leading 
order coefficient independent relations as well as at next to leading order where some SU{'i) 
breaking operators are shown to have contributions of unnaturally large size. Particular 



channels had been identified long ago Uj, such as the S-wave A(1670) — j- KN , the D-wave 



A (1690) — >■ KN , which turn out to be a problem in the different versions of the model. 
The channels into 77 meson were shown to be poorly described at leading order 10| as well. 
These channels are a most definite proof of the large SU (3) breaking effects in decays. On 
the other hand, we will show that the SU (3) preserving components of the amplitudes are 
well described in the 1/Nc expansion. 

This work is organized as follows: section II presents the framework, section III gives 
the construction of the bases of operators for the partial wave decay amplitudes, section IV 
presents leading order coefficient independent relations which serve as tests of the lowest 
order approximation, section V presents the fits to the Breit-Wigner partial decay widths 
as given in the Particle Data Group (PDG) [3], and section VI is devoted to conclusions. 
An appendix presents various results needed for the calculations of matrix elements. 
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II. 1/Nc EXPANSION FRAMEWORK FOR DECAYS 



In this section, we present the framework for implementing the 1/Nc expansion for partial 
decay widths of the 70-plet baryons, briefly reviewing the bases of states and the formalism 
for the decays. Some additional details can be found in Refs. [isl ll^ . 

The lowest lying negative parity baryons are assumed to belong to the [MS, = 1~] 
multiplet of SU{6) x 0(3), where MS is the SU{Q) mixed symmetric representation {p, q) = 
{Nc - 1, 1). For Nc = 3 this is the [70, 1"] multiplet. 

The 35 generators of SU{6) along with their commutation relations are 

[Si, Sj] = i ^ijkSk 1 \Taj Tf^ = i fabcTc , 
[Si, Gja] = i GijkGka 5 [Taj Gib] = ^ fabcGic , 
[Gia, Gjb] i Si j fabcTc ~\~ i (^ij ki^abSk + dabcGck) , (1) 

where Si are the spin generators, the flavor generators, and Gia are the spin-flavor gener- 
ators, and dabc and fate are respectively the SU{3) symmetric and antisymmetric invariant 
tensors. 

Throughout the approximation of neglecting configuration mixings (i.e., mixing of 
MS, 1~] with other multiplets) will be made. This approximation is expected to be good 



15|, and it has to be made due to the lack of completeness and sufficient accuracy of the 
data on masses and partial decay widths, which are inputs to the 1/Nc analyses. The states 
in the [MS, 1~] multiplet are constructed as follows: a fundamental SU{6) representation 
("excited quark") is coupled to a totally symmetric (S) representation ("core") with baryon 
number Nc — 1. The core carries spin Sc = S + 1] where S is the spin of the MS SU{6) state 
and rj = ±1/2. The SU{3) representation of the core is determined by Sc and is given by 



Rc = (Pc,gc) = (2Sc, ^^~\~^^^ y The [MS, i] states then read [?, 8|, 
\JJs;RiY,Ih);S>^,= Yl CMs{R,S,r]){em,SSs\JJ3){ScSc3,lss\SSs) X 

V=±l/2 
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Rc 3 

Yc h y i h 



R \ 1 

\ScSa;Rc{Yc,IcIc3)> |-S3;3 (2/,zz3) > \^m>, (2) 



Y I L 
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where summation over repeated projection indices is implied, and Sc = S + r] m the sum. 
£ is the 0(3) quantum number of the baryon, equal to 1 here, and J is the baryon spin. R 
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indicates the SU{3) representation of the baryon. The coefficients Cms{R, S,r]) are given 
by fl: 

1 \f Ir = S±1 

\f Ij, = StI (3) 



Cms{R, S, ±-) 



_L / (25+lTl)(A^c+l±(25+l)) -f T _ q 
2Nc{2S+l) " - O 



where Ir denotes the isospin of the zero strangeness states in the irreducible representation 
R of SU{3). For R = {p,q), Ir = p/2. Later on we will indicate some of the quantum 
numbers of the excited baryons by an upper label *. 

For Nc = 3 one obtains the 70-plet i = 1 states, which consist of the following "^^^^Rj mul- 

tiplets: ^Si, ^83, "^81, ^83, ^85, ^iQi, 21O3 "^l-,. For generic A^c, the identification 

22222 2 222 

of states is given in Table XV in the Appendix. The 1 and 10 states have core states which 
for Nc = 3 are pure = and 1 respectively. The 8's with same J but different S mix to 
give the mass eigenstates. In the limit of SU{3) symmetry, two mixing angles describe these 
possible mixings. Due to the breaking of SU (3) symmetry by the strange quark mass, the fol- 
lowing sets of states mix with each other: {N(^Sj), iV(^8j)}, {S(28j), E(^8j), S(2l0j)} , 
{S(28j), H(2l0j)} and {A(28j), A(%), A(2lj)}. The mixings, as discussed later, 

can be determined primarily by the decays and can be further constrained by the masses 
and photo-couplings, as it has been done in the non-strange sector [l6|]. While the 
two mixing angles in the SU(2) symmetry limit are the SU{3) breaking effects are 

0{ms — rriu^d)- The dimensionless SU{3) breaking expansion parameter will be denoted 
by e, where e oc (m^ — niu^). We estimate that in practice its value can be taken to be 
e ~ 1/3. Thus, the mixing angles involving the octet components should differ by 0{e) 
corrections, while mixing angles involving states in different SU{3) multiplets are 0{e). Un- 
fortunately, the available data on strong decays are not sufficient to perform an analysis 
that can account for all the different mixing angles. Thus, in what follows mixing angles 
involving states in different SU{3) multiplets are set to vanish. The 1/Nc analysis of the 
70-plet masses showed that this is a reasonable approximation jsj. In this case, the states 
Sj = S(2l0j), Hj = H(2l0j) and A" = h^i^lj) are taken as unmixed states while the other 
physical states are obtained as mixture between octet states according to 

/ 



B,j \ I cos 9b2j smOs^j \ I B,, 
B'jj \ -sin^B,, cos^^B., J VBj 



(4) 
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where for each value of J = 1/2,3/2 we have four different angles, i.e. ^TVaj, ^A2J! ^S2j ^^"^ 

The established 70-plet states according to the Particle Data Group (PDG) [3] along 
with their partial decay widths are displayed in Tables I and II. Of the known states, only 
the J = 5/2 state A^(1675) could have a G-wave decay into for instance ttA, but no empirical 
information for such decay exists. Therefore only S- and D- waves need to be considered. 

The partial wave decay amplitudes via a single pseudoscalar meson can be expressed in 
the most general form: 



Miip Yp Ip, Bgs, B*) = {-lY- pM^, {Bgs I Sfef ^ I B*), (5) 

where P denotes a meson in the pseudoscalar octet {Rp =8). B* and Bqs are respectively 
the excited and ground state baryons, ip is the partial wave, and Yp, Ip are the quan- 
tum numbers of the pseudoscalar meson. A factor involving the meson decay constant, 
y/Nc/ Fp = 0{N^), which naturally appears in the expressions of the decay amplitude [l^ 
is absorbed into the baryon operator Bypfp^- This operator represents the effective vertex 
B*Bgs P-i and will be expanded in powers of l/N^. and in S't/(3) breaking to first order in 
e. The expansion is performed with a basis of effective operators and has the general form: 

^[ipfip] = (^^1' Y^c'^Pfip]^kp) 4^-^-], (6) 

where kp is the meson momentum, and for convenience a centrifugal barrier is factored out 
to take into account the chief momentum dependence of the corresponding partial wave 
amplitude. The Bn represent operators in a basis, and are ordered in powers of l/N^. and e. 
Cn{kp) are effective coefficients, which encode the QCD dynamics, and will be determined 
by fitting to the known partial decay widths. The operators are defined and normalized 
such that the C„'s are all 0{N^). We arbitrarily choose the scale A = 200 MeV. 
The basis operators are expressed in terms of spin-flavor operators Qn'- 

4^-^-^ = (e^^i-'^^0 ''''''' > (7) 



with the obvious notation indicating coupling of angular momenta. is an 0(3) tensor 
operator for the transition from the 0(3) state with ^ = 1 of the excited baryon to the GS 
baryon where i = 0. Qn is a spin-flavor operator, which gives the transition from the initial 
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TABLE I: Empirical data for the decay channels of the A^'s and A's in the [70, 1 ] from the PDG. 



PDG 


State 


Mass 


Total Width 




Branching 


ratios [%] 


Name 




[MeV] 


[MeV] 


S- 


■wave 


D 


-wave 


Af(1535) 


Nl/2 


1535(10) 


150(25) 


ttN : 


45(10) 


ttA < 1 










rjN : 


52.5(7.5) 






A^(1520) 


N3/2 


1520(5) 


113(12.5) 


vrA : 


8.5(3.5) 


vrA^ : 


60(5) 














ttA : 


12(2) 














7]N : 


0.23(0.04) 


Af(1650) 




1657(13) 


165(20) 


vrA^ : 


77.5(17.5) 


vrA : 


4(3) 










■qN : 


6.5(3.5) 














KA 


: 7(4) 






Af(1700) 




1700(50) 


100(50) 


vrA : 


90(5) 


vrA^ : 


10(5) 














i^A < 3 


Af(1675) 




1675(5) 


148(18) 






vrA^ : 


40(5) 














KA < 1 


A(1670) 


Al/2 


1670(10) 


37.5(12.5) 


KN 


: 25(5) 














rjA : 


17.5(7.5) 














vrS : 


40(15) 






A(1690) 


A3/2 


1690(5) 


60(10) 


ttS* 


: 45(10) 


KN 


: 25(5) 














vrS : 


30(10) 


A(1800) 


K/2 


1785(65) 


300(100) 


KN 


: 32.5(7.5) 






A(1830) 


A5/2 


1820(10) 


85(25) 






KN 


: 6.5(3.5) 














ttT, : 


55(20) 














vrS* 


> 15 


A(1405) 


A" 

^^1/2 


1406(4) 


50(2) 


vrS : 


100 






A(1520) 


A" 


1519(1) 


15.6(1) 






KN 


: 45(1) 



ttS : 42(1) 
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TABLE II: Empirical data for decay channels of the S's and A's in the [70, 1 ] from the PDG. 



PDG 


State 


Mass 


Total Width 


Branching 


5 ratios 


Name 




[MeV] 


[MeV] 


S-wave 


D-wave 


E(1670) 


^3/2 


1675(10) 


60(20) 




KN : 10(3) 
ttA : 10(5) 
vri; : 45(15) 


S(1750) 


^1/2 


1765(35) 


110(50) 


KN : 25(15) 

vrS < 8 
r]T. : 35(20) 




E(1775) 


^5/2 


1775(5) 


120(15) 




KN : 40(3) 
vrA : 17(3) 
vrS : 3.5(1.5) 
vrS* : 10(2) 


A(1620) 


Al/2 


1630(30) 


143(7.5) 


ttN : 25(5) 


vrA : 45(15) 


A(1700) 


^3/2 


1710(40) 


300(100) 


vrA : 37.5(12.5) 


vrA^ : 15(5) 
vrA : 4(3) 



SU (6) MS baryon state to the GS baryon which is a symmetric state. Without any loss of 
generahty, one can choose to satisfy < 0|^^/|£ m >= (— 1)^~™ 6m-m'- 

The partial decay width is then given in terms of the reduced matrix elements (RMEs) 
of the operators Bn as follows: 



kp (kpV^'' Mb 



X 



87r2 \ A 



I 



(8) 



K Rp 

Y* r Yp ip 



R 
Y I 



B^^{{S,Q},{{i,S*)r,Q*},{^p,Qp}) 



where throughout we use the customary notation for the SU{3) isoscalar factors, t = 
y/2 t + 1, and Q = {R, Y, I}. In addition, 7 labels the possible multiplicities in the coupling 
R* ® Rp — R. Since there is mixing between S* = 1/2 and 3/2 states in the case R* = 8, 
this mixing is simply taken into account by replacing B^^ in the formula by the correspond- 
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ing linear combination with the S* = 1/2 and S** = 3/2 states, and similarly for the 5'[/(3) 
breaking induced mixings involving states in different R* representations, i.e., 1, 8 and 10 
if one would include those mixings. 

Distinguishing the operators into SU (3) preserving and SU (3) breaking, the RMEs can 
be expressed in terms of the RMEs of the spin-flavor operators Qn- For S't/(3) preserving 
operators one has: 



Q}, {(£, S*)J\ g*}, {£p, Qp]) = 

{S,R\\g^^-''^^^\\S*,R*)^ , (9) 



f* f T* 



v^dim R I ip s 

where one identifies a 6-j SU (2) symbol and the RME of the spin-flavor operator. We use 
the SU{2) conventions from Edmonds and the SU{3) conventions from Hecht 18]. 

To first order in the quark masses, the SU{3) symmetry breaking can be expressed in 
terms of spin-flavor operators of the form: 



(M'gt'^'-T", (10) 



where A^j is the octet component of the quark masses (we work in the limit of exact isospin 
symmetry). Since in the present case Rp = 8, Rm can be 1, 8, 10, 10 or 27. Only R^ = 1,8 
involve 1-body spin-flavor operators, while 10, 10 and 27 involve 2-body operators. There 
is, therefore, in principle a significant number of SU{3) breaking operators. However, the 
reality of the matter is that the available information on partial decay widths sensitive to 
SU{3) breaking effects is very limited, and for this reason, in the present work, only a 
truncated basis of such operators will be used, namely 1-body ones. 

Up to an overall constant to be absorbed by the normalization procedure discussed below, 



the RMEs of SU (3) breaking operators can be shown to be of the most general form 20|] 



B:'{{S,Q},{{i,S*)r,Q*},{ip,Qp}) = (-1) 



jm + J*+i+S 



J* ip \ J* s* t 



^ 8 Rr, 



Yp Jp 



Vdiml? y ip s 

{S,R\\glt'^"^^\\S\R*)^ . 

(11) 



Rp 
Ypip 



Basis operators will be normalized such that the coefficients C„ are all 0{Nj^ x e°) and their 
natural size within a given partial wave be the same. In this manner, just by looking at the 
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size of a coefficient, one can infer whether the corresponding operator is giving contributions 
within the expectations of its 1/Nc and e power countings. Effects of SU{Q) symmetry 
breaking are reflected in the momentum kp, which are then taken into account by the decay 
operators and are therefore encoded in the effective coefficients C„. In the case of the 56- 
plet decays, where all SU{Q) breaking effects are 0{1/Nc) or 0(e), the kp dependencies are 
sub-leading in the respective expansions. For this reason such effects are simply taken into 
account by the expansion itself if one neglects the kp dependence of the coefficients C„. In 
the case of the 70-plet, the 0{N^) effects on mass splittings are small, and thus a similar 
approach of neglecting the momentum dependency of the coefficients is expected to work. 



III. OPERATOR BASES 



The construction of the bases of operators was already discussed in [10| for the case of 
S'f/(4), and is briefly reviewed here. The spin- flavor transition operators Qn from the MS to 
S representations are built using tensor products of the SU (6) generators and A, which 
operate on the "core" and "excited quark" respectively. The reduction rules established in 



2l| are used to reduce products of core generators, and products (a, /3, ■ ■ ■, SU (6) generator 
indices) Xa^p can be reduced to 1-body operators. In addition, using that any generator of 
SU (6) A = Ac + A has vanishing matrix elements between MS and S states, one obtains the 
additional equivalences: 



1-body Ac„ = -A„ (12) 

2 — body Aca Ac/3 = — Aq, K^b — Xjs Aca + 1 — body operators. 

Therefore, only the following types of operators need to be considered, 

1 — body A 

2 - body Ac Ac /3 

3 -body A„ Ac/3 Ac^ . (13) 

c 

There is only one 1-body operator, namely 

Q^^^=g^^''\ (14) 
10 



which is identified with the axial current of the "excited quark" in quark model language. 
On the other hand 2-body operators can be built with products A Ac, which can be coupled 
to angular momentum j = 0, 1, 2. For i = 1, ip can be 0, 2, 4, therefore j = 1, 2. They 
have to be coupled to an 8 of SU (3) for the decays involving pseudoscalar mesons in Hp — 8. 
The following possible monomials can appear in the 2-body operators: 

{sTi'''\ {tS^f''\ (.G"=)[^'«], {gSi^''\ 
{tGi'^\ {gT^f^'K {gGi-\ 

where j = 1,2, and the coupling of the two 8s to 8 involves two possibilities, namely / and 
d type couplings. There are four such cases in this list of operators, and therefore the total 
number of possible monomials is equal to fourteen. 

This set of 2-body operators can be reduced using operator identities, resulting in nine 
independent operators, namely: 





1 




[1,8] 


ef = 


1 




[1,8] 


af = 


1 

Nc 


{sG^f''^ 






1 




[1,8] 


6f = 


1 




[1,8] 
7=1 


ef = 


1 

Nc 


(gTtA 


(16) 




1 




[2,8] 


6f = 


1 


(gs^) 


[2,8] 


er = 


1 


igGi":!l ■ 





So far, we have discussed the operators that appear in the limit of exact SU (3) symmetry. 

As mentioned earlier in the SU{3) breaking operators, Eqn. f|T7|) . Qm belong to 1, 8, 
10, 10 or 27 of SU{3). The operators of interest here are the 1-body ones, which are 
0{e X A'^^). The basis of 1-body SU{3) breaking operators is constructed from the following 
three monomials: 

= itsg)^:£ . (17) 
Note that only couples to the rj meson. For convenience ^2^^^ has been defined in 

( SB) 

such a way that channels with emission of a vr meson are not affected. ^3 automatically 



13|. 



has that property. For a list of the 2-body symmetry breaking operators, see 

Three body basis operators can be constructed following similar procedure. One would 
however expect that they will be dynamically suppressed, as it has been noted in the par- 
ticular case of mass operators. 
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The list of basis operators used in this work is shown in Table III. Throughout it is 
assumed that the number of strange quarks in the baryons is 0{Nl^), while of course the 
number of u and d quarks is assumed to be 0{Nc). This reflects in the counting of powers 
of 1/Nc in the decay amplitudes involving strange baryons. Since the only strange baryons 
included as inputs in the analysis have strangeness (-1), it seems that the assumption is 
reasonable. We have then the following general 1/Nc power countings: the amplitudes of 
non-strange baryons decaying via n ot rj meson emission are all 0{N^) up to corrections 
0{1/Nc), while their decay amplitudes via i^-meson emission are 0{l/y/I^). Similarly, the 
decay amplitudes of strange baryons via vr emission are 0{N^), and via i^-meson emission 
are 0{1/ except for the singlet A(1405) and A(1520) baryons where it is reversed. 
These properties can be traced back to the 1/Nc dependence of isoscalar factors. A similar 
situation occurs with the SU{3) breaking operators used here, except that for these the 
TT-emission amplitudes are identically zero. 

For arbitrary Nc the number of SU (3) preserving basis operators is equal to seven for S- 
waves and to ten for D-waves. The RMEs B^^ are shown in Tables IV and V. The tables also 
show the normalization factors necessary to have each operator give natural size matrix 
elements. As explained earlier, these are chosen in such a way that the largest spin-isospin 
RME of 0{N^) operators is equal to one in magnitude when evaluated at Nc = 3, and 1/3 
for the case of 0{1/Nc) SU{3) preserving operators. Similarly, the latter normalization is 
implemented in SU{3) breaking operators as well. Note that the spin-isospin RMEs are 
defined by the sum over 7 of the product of with the corresponding isoscalar factor (see 
Eqn.dHD). 

The necessary isoscalar factors needed in the calculations of the actual matrix elements 
for the different channels are given in the Appendix. 

It turns out that the sets of operators listed in Tables IV and V are linearly dependent 
when restricted, for arbitrary Nc, to the SU{3) multiplets corresponding to the ones in 
the 70-plet (according to Table XV of the Appendix). For the SU{3) preserving opera- 
tors one finds the following set of bases after eliminating linear dependencies, namely, for 
the S-wave decays the LO basis is given by {Bi, B2, Bq} and the NLO basis is given by 
{Bi, B2, B3, B4, Be} and in addition the SU{3) breaking operators {Bf^, i3f^, i3f^}. For 
the D-wave decays the LO basis is given by {Bi, B2, Bq, Bs} and the NLO basis is given by 
{Bi, B2, B3, B5, Be, Bs, -Bg} and the 5f/(3) breaking operators {-Bf^, Bl^, Sf^}. For the 
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TABLE III: The effective operators for 70-plet baryon decays. First operator set represents the 
symmetric operators and second set represents the SU{3) symmetry breaking operators, i = for 
S-wave and i = 2 for D-wave decays. 



Operator n-bodyness Order 



Bi = 




1 




B2 = 




2 


AO 


B3 = 




2 


1/A, 


Bi = 




2 


AO 


B5 = 




2 


1/A, 


Be = 


/ r-i m \ \f 81 


2 


AO 


B7 = 




2 


AO 


B8 = 


^({(,G=)W1)'"' 


2 


AO 


B9 = 




2 


1/Ae 


Bio = 


i(?teG=)?iJ)"'' 


2 


AO 


Bf^ -- 




1 


e 


Bi^ - 




1 


e 


B^ - 




1 


e 



available data inputs to the fits one finds that one of the D-wave SU (3) breaking operators 
can be eliminated due to linear dependency. We will choose in this case to eliminate the 
third one. The normalization factors for the symmetry breaking operators are as follows: 
for the S-wave operators they are af^ = af-^ = ^1 and af-^ = ^J^, and for the two 
D-wave operators we use in the fit, af^ = | -y/^ and af^ = 

One comment concerning the mixing of states. In the SU (3) symmetry and strict large 
Nc limits the two mixing angles have definite values independent of coefficients, namely 



61 = arccos (:^) and ^3 = arccos 



22] . It was found 10| that to leading order in 



1/Nc with these mixing angles the following transitions vanish: the S-wave A^(1535) — > ttN, 
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TABLE IV: Reduced matrix elements B^^ (see Eqn. (8)) for S-wave decays 



Decay 




i32 








R 


R 


Overctll 


chanel 
















factor 


(28 1 - 

2 


>8), 


12+A''c 


/3i 
2V2 


3+Wc 
QV2Nc 


1 

~4 








HA 

V8 


A2 


(28 1 - 

2 


>8), 


6^2 


3~2Nc 


3+Nc 
6V2Nc 


12 








Pi 
6^2 


^3 


283 - 
2 


> 10 


1 


1 


1 


3-Nc 


1 


1 


-'Vc-2 


-A 


~672 


6V2Nc 


6V2Nc 


24:Nc 


SNc 




12V30Afc 


{*8.- 




1 


2+Nc 


1 


1 


1 







-^5 


>8), 


6 






2V2Afc 


iV2Nc 


12\/l5Arc 






1 


1 


1 




1 





ll-A^c 




>8), 


6 






12V2Nc 


4V2Afc 


12v^Afc 


'83 - 

2 


> 10 


1 /J 


1 u 


1 /s" 


V5{Nc-3) 





1 fl 


2-Nc 


^4 


6 V 2 


6Nc V 2 


SiVc V 2 


24N^ 


4Afc V 6 


12'/&Nc 


2l0i 

2 


8 


1 


1 


2 


Nc+3 





1 


2-Nc 


^9 




6 






12V2Nc 




12'/iENc 


(2103 - 

2 


>10), 


21+Nc 
6^2 


_§i_ 
2V2 


21+A'c 
6V2Afc 


3(Afc+l) 
4Nc 


21+Nc 
8Nc 





V8 


^7 



10), 



1 

1 

4Afc 



1 



V5(Afc+3) 
24Afc 



aV2Nc 



8Nc 





jVe + 3 

16V3Nc 



.JL±J_ 

12y/&Nc 
Nc+7 



-^8 

A, 



9 /3 
2 V 5 



5 



i^/^0 



iV(1650) ^ r/iV, and the D-wave iV(1700) nN and iV(1520) r]N. We have checked 
that indeed these cancellations take place. Another channel suppressed in those limits is 
A(1700) — ttS. In reality the mixing angles differ significantly from the strict large Nc limit 
angles, primarily because the subleading in l/N^ hyperfine interaction contributes much 
more to the masses than the 0{N^) operators (spin-orbit type interactions), which in the 
strict large Nc limit give the limit angles. The deviations from those cancellations in the 
decay amplitudes are thus explained primarily by the mixings, but also by subleading effects 
in 1/Nc. 

It is useful to asses the potential predictive power of the analysis presented here. The 
number of possible different decay amplitudes in the isospin limit is as follows: 17 in 8 —t- 8, 
12 in 8 ^ 10 or 10 8, 13 in 10 -> 10, and 4 in 1 8. Thus, there are 87 S-wave and 153 
D-wave amplitudes. Using the empirical baryon and meson masses together with the 
predictions of Ref.js] for those in the 70-plet which are still unknown, we estimate that the 
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TABLE V: Reduced matrix elements B^^ (see Eqn. (8)) for D-wave decays. 



Decay 
Channel 



B3 



Be 



B7 



Bio 



Overall 
factor 



28l - 

2 


10 


(283 - 


■^8)1 


(283 - 

2 


■^8)3 


283 - 

2 


10 


48l - 

2 


10 


(^8 3 - 
5 


^8), 


(48 3 - 

2 


■^8)2 


483 - 

2 


10 


(48.- 


■^8)1 


(48.- 


^8)2 


48 5 - 
2 


^ 10 



10)1 
10)2 

8 
10)1 
10)2 
8 



iVe+12 



2Nr_ 



-1 
-1 
-1 
1 
1 
1 

Na+21 
3 

_ 1_ 

3 

1 

iVe+21 

3 

-1 



-1 1^ 



1 


1 


JVc -3 


1 


1 


2-Nc 


l-JVc 


1 


1 


%/5 




3 JVc 


6V2JVc 


2 V2JVc 


2v^JVc 


6Vl5Nc 


2 v^JVc 


2\/6JVc 


12\/2 




Pi 


JVc+3 
3 JVc 


1_ 

V2 








/32 











y/TO 


3-2Na 


3+ JVc 
JVc 


JVc 








/33 











yio 

12 


1 


1 


JVc -3 


1 


1 


2-JVc 


JVc-l 


1 


1 


vl 


3Nc 


3 JVc 


6V2JVc 


2 V2JVc 


2v^JVc 


6 VT5 JVc 


2\/6JVc 


2 V6JVc 


12\/2 




1 


2 


JVc -3 





1 


2-JVc 


1-JVe 


/2" 1 


3+ JVc 




3iVc 


3 JVc 


6V2JVc 


2\/3JVc 


6Vl5JVc 


2v^JVc 


V 3 JVc 


12^JVc 


8 


iV^.+2 


1 


3 


3 





JVc + 17 


3^6 


/3" 3 


9 


1 


iVc 


JVc 


yijVc 


2%/2JVc 


2%/l5JVc 


JVc 


V 2 2JVc 


4v^JVc 


6V2 


1 


1 


3-JVc 


3 





JVc -11 


/3"3(JVc-l) 


/3" 3 


3_ 


1 


Nc 


JVc 


2 V2JVc 


2 V2JVc 


2 Vl5JVc 






4^2 




1 


2 


3-JVc 





V3 


JVc -2 


/3"JVc-l 


/3" 1 


JVc+3 


1 


Nc 


JVc 


2 V2JVc 


2JVc 


2 Vl5JVc 


V 2 4JVc 


V 2 JVc 


8\/2JVc 




N +2 






3 





JV +17 


/2" 1 








JVc 


~ JVc' 


V^JVc 


2v^JVc 


2VT5JVc 


~ V 3 JV7 




4v/2JVj. 


~ 2V2 


1 


1 


JVc -3 


3 





11-JVc 


JVc-1 


1 


1 


1 


JVe 


JVc 


2v^JVc 


2v^JVc 


2VT5JVc 


2v^JVc 


2V^JVc 


12%/2 


2v^ 


1 


2 


JVc-3 







2-JVc 


JVc-1 


/2" 1 


JVc+3 




JVc 


JVc 


2v^JVc 


2 JVc 


2VT5JVc 


2v'6JVc 


V 3 JVc 


12V2JVc 


8 


/34 


JVc +21 
3JVc 


3(JVc + l) 
V^JVc 


jVc+21 

2v^JVc 





/35 


/2" JVc+3 
V 3 JVc 


JVc+21 
2V6JVc 


3-JVc 
4V2JVc 


75 
4 


1 


1 


JVc +3 


1 





JVc +7 


JVc +5 


1 


1 


5 


3 JVc 


3JVc 


S^JVc 


2%/2JVc 


SvTSJVc 


lO^JVc 


2^JVc 


60 V2 


4 


1 


4 


JVc+3 





V3 


2-JVc 











75 


JVc 


JVc 


2V2JVc 


2 JVc 


2 ^15 JVc 


6 


/34 


JVc +21 
3JVc 


3(JVc + l) 
V2JVc 


JVc+21 
2\/2JVc 





/35 


/2"JVc+3 
V 3 JVc 


JVc+21 
2^JVc 


JVc -3 
4^JVc 


4 


1 


1 


JVc+3 


3 





JVc +7 


/3"JVc+5 


/T 1 


1 


5 


JVc 


JVc 


2V2JVc 


2V2JVc 


2^11 JVc 


V 2 lOJVc 


V 2 2JVc 


20V2 


12 


1 





1 





JVc+3 


JVc +7 











V5 


JVc 


\^JVc 


4v^JVc 


4vT5JVc 


4 


9 /3" 
5 V 2 


fir 

V 14 




IV3 


6^1 




fV2 


3 

78 


3v^ 





A2 

A3 



A4 



number of phase space allowed decays are 52 for S-waves and 94 for D-waves. For S-wave 
transitions, there are a total of seven possible Rb* Rb transitions, which is one more than 
the number of SU{?)) preserving S-wave operators at NLO. This implies one overall relation 
between amplitudes in S'f/(3) symmetric limit. In the isospin limit we have 87 channels, and 
since at NLO we have included eight operators, there are in principle 79 relations. For the D- 
waves there are twelve Rb* Rb transitions, which in S'f/(3) symmetry limit with the ten 
operators leave two relations. The number of different channels in the isospin limit is equal 
to 153, and thus, with the eleven operators we include, there are in principle 143 relations 
between amplitudes. Most of the relations would represent a test of SU{'i) symmetry and 
its breaking by the 1-body operators, as one may expect. With the available information 
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TABLE VI: Factors needed in Tables IV and V 





132 


133 


P4 


k 


3-iVc(Afc+5) 


15+Nc{Nc+2) 


3+Nc{Nc+l) 


24+NciNc+5) 


{N^-l9){Nc+3) 


3Nc 






3Nc 





Ai A2 Ai 

J_ / (Afc+l)(Afc+3)(jVe+5) J_ / (A^c-1) J_ / (A^c+7) I {Nc+l)[N^+^ / (A^c-1) 
A^cV N^\J {Nc+3) NcV {N,+3) V Afc(Afc-l) V A^c 



Ae A7 As A9 

(A^c+7) / {Nc+5) I {Nc+9){Nc+l){N,-3) / {Nc-l)iNc+r) 

Nc V Nc{45+Nc{Nc+6)) V Arc(45+Arc(Afc+6)) V Afc(iVc+5) 



on partial widths we can consider a limited number of relations at leading order, which we 
discuss below. 



IV. ANALYSIS OF THE PARTIAL WIDTHS 



Only a fraction of the possible partial decay channels of the negative parity baryons 



has been empirically determined (12|. This relatively poor database imposes significant 
limitations in the accuracy and robustness of the conclusions of the present analysis, as we 
discuss later. Of the 87 S-wave and 153 D-wave different partial widths which would be 
possible in the [70, 1^] decays (respectively 52 and 94 if phase space is taken into account), 
only 16 S-wave and 25 D-wave partial widths are known, a few of them only as bounds. 

A very important consistency check of the viability of the l/N^ analysis is given in 
terms of coefficient independent relations, namely relations independent of the values of the 
coefficients C„. These relations exist at each order in the expansion, and can be given at 
the level of reduced partial decay widths defined below. These relations provide in principle 
predictions for unknown partial decay withs accurate to the order of the expansion. Since the 
widths are quadratic in the fitting coefficients, the total number of coefficient independent 
relations is Nj-^i = Nch — A'par(A^par + l)/2, where A'rci is the number of relations, A'ch is the 
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number of partial widths, and A^par the number of coefficients C„. With the numbers of 
channels mentioned above, and the number of operators involved at LO in l/Nc-, where the 
SU (3) breaking effects are relegated to sub-leading order, one finds 81 relations for S-wave 
decays and 143 for D-wave decays. A smaller number results because of channels suppressed 
by phase space, and a much smaller number yet for the actually known decays. Various 
such relations in the form of ratios of reduced widths are given below. Some of those can be 
tested and some give LO predictions for mixing angles. We do not discuss NLO relations; in 
principle there are 51 for S-waves and 108 for D-waves, not taking into account phase space 
suppressed channels. 

We discuss now some reduced width ratios which can be tested with the known partial 
decay widths. The list is not exhaustive. The reduced partial decay widths are defined by 
f = T / fphs, where fphs = (^) ^- These are basically squares of decay amplitudes 

with the centrifugal factor removed. For the S-wave decays we obtain the ratios shown in 
Table VII. These results show that there is a significant discrepancy in the predictions for 
the mixing angle 6i resulting from non-strange versus strange decay channels. The mixing 
angles get SU{3) breaking corrections which are indeed important as we will find in the 
NLO results. The actual ratio f^(^|x75o)^?7s/ very different from the LO prediction. This 
indicates large SU (3) breaking. Indeed, one expects SU{3) breaking to be a 30% effect at 
the level of amplitudes or a 60% effect at the level of the reduced widths. In this case the 
deviation is significantly larger than that. 

For the D-wave decays most relations we can derive involve the mixing angles. Those not 
involving mixing angles and which can be tested are shown in Table VIII. We have looked 
at relations that can be tested when only the 1-body operator is kept. Algebraically, this 
corresponds to a quark model with emission of a meson coupled to the excited quark, in the 
SU{6) limit. For instance, the relations that can predict the mixing angles give angles very 
different from those obtained in the fit. In fact, we will see that a 2-body LO operator is 
important for the D-wave fits. 

Now we proceed to discuss the fits. The coefficients and mixing angles obtained in the 
fits are depicted in Table IX. Tables X through XIV show the fitted widths as well as the 
predictions. The LO fit is performed using the operator bases {Bi, B2, Bq} for the S-wave 
amplitudes and {Bi, B2, B^, Bg} for the D-wave amplitudes. No SU{3) breaking effects 
are therefore included. The matrix elements are not expanded in 1/A^c- Both S- and D- 
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TABLE VII: S-wave decays: coefficient independent ratios of reduced widtlis at LO. 



Ratio LO Ratio Empirical Prediction 



r(jV(1535)^7rAf) 



r(Af(1650)- 




f(A(1620)- 


■^ttN) 


r(A(1700)- 




r(Af(1535)-5>7rAr) 


r(A(1620)- 




f(Af(1535)- 




r(7V(1650)- 




f(Af(1520)- 


-5>7rA) 


r(A(1620)- 




f(Af(1650)- 


-^ttN) 


r(A(1670)- 


-s>7rS) 


f(Af(1650)- 





r(S(1750)^r;S) 




V \/2 cos 01 —sin 9i , 

2 COS 26*3 + sin 26*3 0.44 ± 0.20 6*3 



f ^^gi+v^'^ingi ) 7.6 ± 4.3 Qx 



0.3 ±0.1 
L6±0.1 

^•'-0.3 

2.4 ±0.1 
2.9 ±0.1 



2 0.6 



+0.1 
-0.2 

V \/2cos6»i-sin6»i y i .u _i_ t.u >| o+0.2 

1 0.12 ±0.12 



wave partial widths are fitted simultaneously since both depend on the mixing angles Q\ 
and 6*3, which are fitted. As a check we performed a fit of the non-strange sector of decays, 
with similar results to those obtained in previous work 10| (we note that the input partial 
widths have slightly changed from that analysis to the present one). In particular, the main 
problem with that fit is the discrepancy in the A^(1535) — > riN . When all available channels 
are included, the Xdof is quite large, predominantly due to the difficulty in describing the 
1] channels as well as several of the excited hyperon decays. For instance, if one would like 
to have the mixing angles 3 similar to the ones from the non-strange analysis, one has to 
remove the channels A(1670) — KN and A(1690) — KN . In fact, in quark models these 
channels had been found long ago to be problematic to describe HI]. The issue of large 
^[/(S) breaking effects is clearly manifested by the shortcomings of the LO fit, as well as the 
LO ratios we discussed earlier. In particular we find that the result for the S-wave partial 
width A (1700) — ?■ ttA is rather sensitive to the removal of the mentioned A channels, and 
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TABLE VIII: D-wave decays: coefficient independent ratios of reduced widths at LO. 



"r> ^ J- ■ 

Ratio 


LU Katio 


bmpirical 


f(A(1830)-^7rS) 
r(S(1775)-s>7rA) 


3 


2.7 ± 1.4 


f{Ar(1520)->7rAr) 
r(A(1690)-^7rS) 


1 


0.5 ±0.2 


f{Ar(1520)-^7rAr) 
r(S(1670)-s>7rA) 


3 


2.2 ± 1.4 


f(S(1670)-H>7rA) 
r(E(1670)-5>7rS) 


1/2 


0.12 ±0.10 


f(Ar(1675)->7rAr) 
r(A(1830)^7rE) 


1 


0.9 ±0.4 


f{Ar{1675)-s>7rAr) 
r(S(1775)-5>7rA) 


3 


2.3 ±0.6 


r{N{W75)^TTN) 
r{E{1775)^7rS) 


3/2 


7±4 


f(S(1775)^.7rS) 
r(E(1775)^.7rS*) 


8/7 


0.06 ±0.03 


f(A(1690)-5>7rS) 
r(S(1670)->7rA) 


3 


4.6 ±3.2 



others are also significantly affected. After analyzing the NLO fit, one realizes that indeed 
the mentioned A channels and the t] channels cannot be described consistently at LO. This 
is based on the stability of the coefficients of the dominant operators in the LO fit and of the 
mixing angles. One learns from the LO fit that the dominant operators are for the S-wave 
decays the 1-body Bi and important but with smaller contributions the 2-body operator Bq, 
and for the D-wave decays the Bi and the 2-body Bs operators. 

The NLO fit is complicated by the large number of coefficients and angles, in total 23 
parameters. Since the number of inputs is at most 41, there are multiple minima of the 

function which have similar values. The criterion is imposed that the coefficients of 
dominant operators at LO and the mixing angles which are not affected by SU (3) breaking 
effects, namely 6^-^ and 6n,_^, deviate from the LO results as expected by NLO corrections. 
A fit satisfying that criterion is obtained. This fit shows that the coefficients of the SU{3) 
preserving operators are of natural size, and most of them are actually smaller than natural 
size. On the other hand the SU (3) breaking S-wave operator Bf^ and the D-wave operator 
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Bf^ have coefficients roughly a factor two larger than natural size. Bf^ only contributes to 
7] channels, and eliminating it increases the Xdoi from 1.5 to 1.9, and at the same time the 
coefficients of the S wave operators i3f^ become unnaturally large. This exercise indicates 
that there is significant correlation among the coefficients of the S-wave SU{3) breaking 
operators. Evidently, the SU (3) breaking operators are crucial for describing the rj channels. 
One also finds that SU{3) breaking is significant in the mixing angles; in particular it is 
unnaturally large for the A baryons. 

The analysis leads to the following observations. 

• The 1-body operators Bi are dominant in S- and D-waves. This supports the quark 
model picture in which the meson is predominantly emitted from the excited quark. 

• 2-body operators are less important but necessary to obtain good fits. These operators 
will in particular encode the longer range dynamics of the decays. At LO they have 
smaller or much smaller coefficients than the 1-body operator Bi, and at NLO their 
coefficients are in general smaller than the natural size. Note that this conclusion is 
under the criterion of selecting the fits which have LO coefficients stable as one moves 
to the NLO fit. Thus, one can conclude that NLO fits consistent with a 1/A^c power 
counting are possible. We also note that such fits are indeed the ones with lowest 
we have found. 

• As Table IX shows, several operators carry coefficients consistent with zero within 
error. One can eliminate those operators and perform a NLO fit where the coefficients 
of the relevant operators do not change significantly, and Xdof ~ 

• A lower Xdof ~ ^ "^^^ t)e obtained by reducing by a factor ~ 0.6 the exponent of the 
centrifugal barrier. This however does not give any significant change to the outcome 
of the analysis. 

• For the nucleon's mixing angles, previous analysis of the non-strange sector gave 9^^ = 
0.39 ±0.11 and On., = 2.82 or 2.38±0.11, to be compared respectively with 0.42 ±0.07 
and 2.74 or 2.36 ± 0.09 obtained in the present analysis. We note that the ambiguity 
in 6n.^ found in the previous analysis persists in the present analysis at both LO and 



NLO level. A similar ambiguity is found at NLO for the mixing angle ^si- 



nucleons the ambiguity can be sorted out by analyzing the photocouplings 
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or the 
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The SU{3) breaking effects are of unnaturally large magnitude by roughly a factor 
two. In particular they manifest themselves in the r] channels, where the LO fit gives 
very poor description. This problem had been noticed when those channels were 
included in the analysis of the non-strange decays [l^. The very important S-wave 
channel A^(1535) — rjN is too small at LO by a factor two, while the small S-wave 
A^(1650) — )■ rjN is also under-predicted at LO by a factor four. On the other hand the 
7tN channels are well described at LO for both resonances. 

The S-wave decay A (1405) — ?■ ttS is well described in all fits. It is sensitive to the 
presence of the 2-body operator B^. On the other hand the D-wave decay A(1520) — )• 
vrS is well described while the A(1520) — ?■ KN is poorly described at LO. A clear 
example of SU (3) breaking effects. 

The decays A(1670) -> KN (S-wave) and A(1690) KN (D-wave) are poorly de- 
scribed at LO if one requires that the mixing angles 0^-^ are similar to the values 
obtained in fits of the non-strange decays only or the NLO fits. At NLO these decays 
are improved because of the SU (3) breaking in the mixing angles in particular. 

The S-wave decay A(1700) — t- ttA is particularly sensitive to the 2-body operator B2, 
and found to be very sensitive to the inclusion or not of the latter A channels in the 
LO fit. 

The NLO results show that the mixing angles are strongly affected by SU{3) breaking 
effects. To obtain a more accurate picture it will be necessary to carry out an analysis 



of masses and photo-couplings along with the decays [23 1. 



We provide predictions for the unknown channels of known 70-plet states, and here 
we discuss some of them. Little can be concluded from predictions of small partial 
widths, except that the corresponding channels will be most likely experimentally 
inaccessible. On the other hand several large partial widths are predicted, which 
require some discussion. 

— The A^(1700) is given in the PDG with three stars, but its existence is challenged 



by several recent analyses 



2J-|26|, while other analyses confirm it [27|. Since the 



photo-couplings and also electro-couplings of the p(1700) and n(1700) are small 



21 



12, 19 



the access to A^(1700) by these means is hmited. In our fits we 
included the PDG estimate for the ttN channel, but disregarding this input gives 
no significant change to the fits. The S-wave partial width of A^(1700) — ttA 
is predicted to be the largest one while the D-wave channel has a small width. 
This contradicts partial wave analyses |27i] where it is claimed that the D-wave is 
significantly larger than the S-wave. According to the PDG 12|, the total width 
of the iV(1700) is rather uncertain, and an estimate of the A^(1700) — ?■ ttA partial 
width from the irNN width is viable provided one assumes it to proceed mostly 
through the ttA S-wave channel if one is to obtain a reasonable fit at NLO. This 
however affects the fit significantly. We have chosen not to include as input the 
estimate of the A^(1700) — ?■ ttA S-wave partial width, and this remains therefore 
an open problem requiring further empirical progress. 

A similar problem to that with the A^(1700) is found for the A(1690) — )■ ttS*, 
where the empirical estimate for this partial width, assumed to be S-wave and 
estimated from the dominance of this channel in the decays vrvrA and ttttS, is 
around 20 MeV, while the fits predict it to be larger than 100 MeV. Giving that 
estimate as input has similar effects as the input of A^(1700) — t- ttA. We do not 
include this input either. 

Briefly, the inclusion of these S-wave inputs lead to the following: the inclusion 
of either estimate leads to the same values of the coefficients within errors, the 
main changes with respect to not including either of them being the values of the 
S-wave coefficients, which in an indirect way alter significantly the angle 6ni- 

The prediction for the D-wave partial width A^(1675) — t- ttA of 75 ± 22 MeV 
is in good agreement with the estimate based on the total width and the other 
significant partial width into vrA^. 

The S-wave partial widths of the A(1800) to t]A and to ttS are predicted to be 
approximately equal to the empirical one for the channel KN, and in agreement 
with the total width. 

The D-wave partial width A(1830) — vrE* is predicted to be the largest one, and 
it agrees with empirical lower bound of 15% for the branching ratio. The total 



predicted width is 116 ± 20 MeV, to be compared with the PDG 
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12| estimate of 



60 to 110 MeV. 



- For the D-wave S(1820) the PDG [jj gives a total width ~ 25 ± 15 MeV [12|. 
The predictions given in Table XIII are dependent on the choice of the mixing 
angle ^=3 which cannot be determined by the current analysis. The predictions 
are given for the choice 6*53 = 9^^^ = 2.74. The dominant channels are the i^E 
and KA. The total width predicted is about a factor two larger than the one 
from the PDG. If one requires that the total width be reproduced, the mixing 
angle becomes 6*33 ~ 1.9. 

Several channels where there can be SU{3) symmetry breaking effects are predicted 
to have significant partial widths, and could therefore become empirically accessi- 
ble. Such channels are the S-wave A(1690) ttS*, A(1800) rjA, A(1800) ttS, 
S(1670) vrS*, and S(1750) ttA, and the D-wave iV(1675) r]N, A(1830) r/A, 
A(1830) ttS*, S(1670) vrS* and S(1775) KA. All these channels involv- 
ing vr meson are not affected by the 1-body SU{3) breaking effects, and would give 
additional information on breaking at the 2-body level. 
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TABLE IX: Parameters from LO and NLO fits. Note ambiguities in some angles; the rest of the 
parameters differ within the errors, therefore parameters have been given for the first quoted angle 
in the ambiguous cases. 



S-wave coeff 


LO 


NLO 


D-wave coeff 


LO 


NLO 


csi 


20.6(L0) 


19.6(L6) 


CDl 


2.79(0.12) 


2.59(0.20) 


CS2 


0.92(L2) 




-3.1(1.2) 


CD2 


0.03(0.08) 


-0.28(0.09) 


C53 





5.2(5.8) 


CD3 





0.92(1.0) 


C54 





S 


1.2(4.0) 


CD5 





1.54(0.39) 


C56 


-6.36(1.2) 




-8.2(1.8) 


CD6 


0.03(0.17) 


-0.26(0.26) 


bsi 





40.3(14) 


CDS 


1.18(0.12) 


1.28(0.15) 


bs2 







-0.25(14) 


CD9 





0.09(0.85) 


bs3 







-3.0(14) 


boi 

bD2 






1.0(1.0) 
5.6(0.5) 


Angle 


LO 


NLO 




LO 


NLO 




0.58(0.06) 


0.42(0.07) 


Xdof 


4.8 


1.52 


9n3 


J 2.82(0.05) 
[ 2.36(0.06) 


1 


I 2.74(0.09) 
[ 2.36(0.10) 


dof 


30 


18 


9ax 




0.99(0.09) 










0N3 


1.56(0.07) 










Gni 


1 


1 0.28(0.16) 
[ 3.03(0.17) 










6ns 


2.19(0.47) 
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TABLE X: The decay widths of N states in 70-plet whose mass is currently experimentahy known. 
Values are in MeV. 



iV(1535) Af(1520) 

ttN r]N vrA vrA vriV r]N 

PWSSD SDDD 

LO 57(17) 33(6) 0.3(0.2) 8.9(4.3) 8.1(1.0) 77(7) 0.09(0.01) 

NLO 57(19) 73(44) 0.9(0.7) 9(11) 10(2) 72(11) 0.26(0.07) 

Exp 68(19) 79(17) 0.8(0.8 ) 9.6(4.1) 13.6(2.7) 69(10) 0.26(0.05) 



Af(1650) iV(1700) 

ttN TjN KA vrA vrA ttN r]N KA KT, 

PWS S SD SDD D DD 

LO 143(26) 2.5(1.6) 9.8(2.9) 4.8(2.6) 215(57) 2.9(2.4) 11.4(8.5) 0.52(0.25) 0.13(0.08) ~ 

NLO 133(33) 12.5(11.0) 11.5(6.4) 5.1(5.8) 297(111) 0.3(2.0) 12(13) < 0.15 < 0.03 ~ 

Exp 128(33) 10.7(5.9) 11.5(6.7) 6.6(5) 10(7) 1.5(1.5) 



iV(1675) 
vrA^ r]N KA vrA 
PW D D D D 

LO 52(8) 2.6(0.4) 0.02(0.01) 72(9) 
NLO 51(12) 6.3(2.5) < 0.1 75(24) 
Exp 59(10) 0.75(0.75) 
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TABLE XI: The decay widths of A states in 70-plet whose mass is currently experimentally known. 
Values are in MeV. 



A(1670) A(1690) 

KN 7]A vrS vrS* vrS* KN r]A vrS 

PWS S S D SDDDD 

LO 113(24) 0.11(0.12) 1.8(2.0) 0.16(0.09) 7.3(3.5) 9(1) 60(6) ~ 9.0(0.9) 

NLO 9(15) 6.1(4.3) 15(11) 0.04(0.10) 114(49) 2.1(1.5) 16(5) ~ 5.3(2.9) 

Exp 9.4(3.6) 6.6(3.6) 15(7.5) 15(4) 18(6.7) 



A(1800) 
KN 7]A vrS vrS* 
PW S S S D 

LO 43(13) 30(4) 150(20) 3.0(1.6) 
NLO 100(73) 94(47) 109(25) 5.9(5.2) 
Exp 98(40) 



A(1830) 

KN r]A vrS KE vrS* 
D D D D D 

3.0(1.6) 3.5(0.3) 69(6) ~ 54(7) 

12(4) 9.6(2.5) 38(11) ~ 57(18) 
5.5(3.4) 46.7(22) 



A(1405) A(1520) 
vrS KN vrS 
PW S D D 

LO 50(19) 2.7(0.4) 8.2(1.3) 

NLO 50(9) 6.7(1.1) 6.9(1.8) 
Exp 50(5) 7(0.5) 6.5(0.5) 
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TABLE XII: The decay widths of S states in 70-plet whose mass is currently experimentally 
known. Values are in MeV. 



S(1670) 

vrS* KN vrA vrS 

PW S D D D D 

LO 1.5(0.7) 1.5(0.2) 2.1(0.5) 4.8(0.5) 46(5) 
NLO 4(11) 1.5(0.9) 2.5(1.4) 7.0(2.9) 28(11) 
Exp 6(2.7) 6(3.6) 27(12.7) 



S(1750) 

KN vrA vrS t]^ i?A vrS* 

PW S S S S D D 

LO 45(8) 51(7) 6.2(5.3) 14(2) 0.07(0.04) 0.5(0.3) 

NLO 30(34) 38(12) 4.2(7.6) 53(28) 0.4(0.2) 0.4(0.5) 
Exp 27.5(21) 4.4(4.4) 38.5(28) 



S(1775) 

KN vrA ttS r?S KA vrS* 

PW D D D D D D 

LO 39(3) 27(3) 3.0(1.2) 0.08(0.01) 1.6(0.2) 7(1) 

NLO 55(12) 14(4) 0.6(0.8) 0.22(0.06) 3.9(0.8) 7.4(2.3) 

Exp 48(7) 20.4(4.4) 4.2(2) 12(2.8) 
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TABLE XIII: The decay widths of H states in 70-plet whose mass is currently experimentally 
known. Values are in MeV. 

H(1820) 
vrH* KK KT. vrH 

PW S D D D D 

LO 2.3(0.6) 2.6(0.3) 10(1) 14(1) 4.2(0.9) 
NLO 2.4(2.2) 3.2(0.6) 18(3) 29(4) 0.3(0.6) 
Exp 



TABLE XIV: The decay widths of A states in 70-plet whose mass is currently experimentally 
known. Values are in MeV. 

A(1620) A(1700) 
■kN vrA ttA vriV 

PW S D S D D D 

LO 34(5) 62(7) 215(39) 20(4) 22(4) ~0 

NLO 34(12) 64(14) 157(52) 18(8) 18(11) < 0.04 

Exp 35.7(7.4) 64.3(21.7) 112(53) 12(10) 45(21) 



V. SUMMARY AND CONCLUSIONS 

This work has extended previous analyses based on the l/N^. expansion of the low lying 
negative parity baryon partial decay widths. The extension includes all known decay chan- 
nels, and was carried out to first sub-leading order in the l/N^ expansion and first order in 
SU (3) symmetry breaking. The approximations involved were the following ones: for SU (3) 
preserving amplitudes only up to 2-body operators and for SU (3) breaking amplitudes only 
1-body operators were included. Mixings between states in different S'f/(3) multiplets as 
well as SU{Q) x 0(3) configuration mixings were neglected. These approximations are nec- 
essary due to the limitations in the available empirical inputs for the partial decay widths. 
One important focus of the analysis was on SU (3) symmetry breaking, whose significance 



28 



is noticed first by violations in LO coefficient independent relations. In fact, the symmetry 
breaking effects are of unnaturally large magnitude as the NLO analysis shows. On the 
other hand, the l/N^ expansion seems to work rather well, as the coefficients of NLO order 
symmetry preserving operators are in general of natural or smaller than natural magnitude. 
This agrees with the conclusions drawn in previous work where the non-strange sector had 
been analyzed. The existence of other solutions to the NLO fit where the is not very 
significantly larger than the one presented in this work is an issue. Such solutions do have 
however unnaturally large NLO coefficients and lead to an inconsistent 1/Nc expansion. 
Obviously, additional and more accurate partial decay widths should be available for set- 
tling this issue. An interesting open problem left by the analysis are the two S-wave decays 
A^(1700) — 7- ttA and A(1690) — vrS*, which are predicted to be rather large, and are very 
correlated in the analysis. More accurate information on these widths has the potential to 
modify the results for the S-wave coefficients and the mixing angle ^tvi in turn. 

From the present work one can draw some conclusions that seem quite robust, namely, 
that the 1-body operator plays a key role in both S- and D-wave decays, as one would have 
expected from the quark model picture, and that 2-body operators are crucial for obtaining 
an overall consistent description, although they have smaller strength than the 1-body ones. 
Some uncertainties concerning mixing angles, in particular those affected by large S't/(3) 
breaking corrections seem to remain. Further refinement of the present analysis, with the 
aim at improving in particular the determination of mixing angles, can be carried out by 
simultaneously analyzing masses, decays and photo-couplings of the 70-plet baryons 23[ . In 
addition, present progress in the analysis of recent and new data will very likely lead to an 
improvement on the inputs allowing for a refinement of the present analysis and conclusions. 



ACKNOWLEDGEMENTS 



We thank Michael Doring, Hiroyuki Kamano, Victor Mokeev and Igor Strakovsky for 
informative discussions. JLG and NNS thank the Grupo de Particulas y Campos, Cen- 
tro Atomico Bariloche, and in particular Professor Roberto Trinchero, for the hospitality 
extended to them during completion of part of this work. This work was supported by 
DOE Contract No. DE-AC05-06OR23177 under which JSA operates the Thomas Jeffer- 
son National Accelerator Facility, by the National Science Foundation (USA) through grant 



29 



PHY-0555559 and PHY-0855789 (JLG and CJ), by CONICET (Argentina) grant # PIP 
00682 and by ANPCyT (Argentina) grants PICT 07-03-00818 (NNS). 



30 



VI. APPENDIX: SU{3) ISOSCALAR FACTORS 



This appendix gives the isoscalar factors needed for the calculations carried out in this 
work. They correspond to the emission of mesons belonging to an 8 of SU{3), and are 
given for the irreducible representations of SU (3) of interest for generic N^. We denote the 
isoscalar factors by: 



{p,q) (1,1) 

Y I yi 




(18) 



where the SU (3) representations are identified in terms of the two labels defining the Young 
tableu, namely {p, q), where p + 2q = N^. 

For baryons, the correspondences between multiplets for generic odd and A'^c = 3 are 
as follows: (p = 0,g = ^) -> 1, (p = l,g = ^) ^ 8, and (p = 3, g = ^) ^ 10. 
Table IXVI displays these correspondences more explicitly. 



TABLE XV: Representation correspondences for arbitrary odd N^. Displayed are the SU (3) generic 
Nc multiplets corresponding to the ones at Nc = 3, namely 1, 8 and 10. 



A 



(^,1) 
(^,0) 



^ 3 12' 



^* f Nc—3 



(^,1) 



V 3 ' 2/ 



n (^,0) 



1 Baryons 


8 Baryons 


10 Baryons 


Mesons 




{p, q) = 


fl,^-M 


(p,g) = (3,^) 


{p,q) = (1,1) 


State (y, /) 


State 




State (y, /) 


State (y,/) 


A {^,0) 


N 


\ 3 1 2J 


A (f,i) 


TT (0,1) 



V (0,0) 
K 

K (-1,1) 



Table XVI through XX give the isoscalar factors of interest. The first row of the tables 
depict the excited baryon state, and the second row the final baryon and meson. The 
isoscalar factor arguments are in the order {B*, P \ \ B), where B*, P and B are the quantum 
numbers of the excited baryon, the meson and the final baryon respectively. 
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TABLE XVI: Isoscalar factors for 8—7-8 decays. The listed values should 
be multiplied by fi = ^^.^^ and /2 = (at +3) ^ (N+7) ^° obtain the actual 
isoscalar factors for 7 = 1 and 7 = 2, respectively. 



N A 



riN ttN KT. KA KN ttS rjk KE 



7 = 1 A^c 3 ^3{Nc - 1) V3{Nc + 3) "V^^^ AT, - 3 

7 = 2 3 -(^. + 6) -Vm^) ^ 6 ^ 

KiV r/S vrS vrA KE 



7 = 2 



i^S i^A r/S vr- 



7 = 1 -VA^c + 3 3VA^c - 1 Nc-G 3 

^ _ 9 5Afe+3 / AT -L Q 7Afe"15 Afg+3Afc+. 
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TABLE XVII: Isoscalar factors for 10 — )• 10 decays. The listed values should 

be multiplied by f, = ^^^^^^^^^^^^ and /s = ^ (jv.+i)(fc"9K45'i^!(7V.+6)) 
obtain the actual isoscalar factors for 7 = 1 and 7 = 2, respectively. Note 
that /2 vanishes at Nc = 3, as in that case there is a unique recoupling 
10(8)8 ^ 10. 

A S* 



7 



1 Nc 3^5 V3(A^c + 5) -3V^±1 AT, -3 2^ V6(A^c + 3) 



r, o Afc+6 3-Afc Nc-3 4(Afe+3) Afg+lOAfc+33 3-Afc / 2(Afc+3) 

' ^3(Arc+5) 2ViV;+5 A^c+S V6(Arc+5) V 3 



A'S* r]E* ttE* Kn KE* r]^ 



1 -2^/N~f3 Nc- 6 3 3VAcn -3^^%^ Nc - 9 



r, 2(Afe-3)V]v;+3 SA^c+Q _ W^+9Wc+36 (3-Afc)VjVc+T Afe-3 / jVe+T 6(Afc+l) 



TABLE XVIII: Isoscalar factors for 8—7-10 decays. The listed values should 
be multiplied by f = , ^ to obtain the actual isoscalar factors. 

^y{N,+l){N,+5) 



N 




A 




ttA A'S* 


vrS* 




KE* 




^/ (N,-l){N,+5) n^/N,~l 


^/(Afc+3)(Ar,- 


-1) 


-^2{Nc - 1) 







S 








KA 


■qT.* 


vrS* 




vrH* ATS* 


K^t 








^2(^3) 2 


2iVc 2VAfc+3 
3 3 




VNc + 5 


2 


2^/Nc + 1 
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TABLE XIX: Isoscalar factors for 10—7-8 decays. The listed values should 
be multiplied by / = {{Nc + 7){Nc — 1)) to obtain the actual isoscalar 
factors. 



A 








vriV KT. 


KT, 


KA r]E 






3 




2Nc 
3 


-v/(iVe-l)(iVc + 5) 2^^^ 


2yjN^ - 1 -2 







S* 


S7 


r/S KN 




ttA 


KE KE 










-2 ^2{N,-l) 


-V(iVc + 3)(iVc-l) 


^2(^3) V2(iVc + l) 



TABLE XX: Isoscalar factors for 1—7-8 decays. 



A 



KN vrS r?A Kl 



12 



A^c-i V V (^^c+3)(^fc-l) 
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